The effect of seed presoaking with different concentrations of growth bio-regulators (indole acetic acid, gibberellic acid and kinetin) on productivity and some biochemical and physiological aspects of yielded seeds of cowpea (Vigna sinensis L.) was investigated. Generally, application of growth regulators stimulated yield and yield quality of cowpea plants as compared to control plants through inducing a massive increase in number of pods/plants, seed biomass, pod length and number of seeds. In addition, results of this study showed that these growth regulators increased protein content and total soluble sugars in cowpea yielded seeds. Finally, it is evident from the present data that application of kinetin appeared to be the most effective hormone in stimulated productivity endogenous hormones and biochemical aspects in yielded seeds of cowpea plants.
Introduction
Cowpea (Vigna sinensis L.) is one of the most popular and widely consumed vegetable crops all over the world, and high-quality yield is an essential prerequisite for its economic success in the Saudi Arabia. Cowpea is the most economically important indigenous legume crop [1] [2] . Cowpea seed was used in nutritious component in the human diet, as well as a nutritious livestock feed.
Cowpea seed is rich in the amino acids, tryptophan and lysine, compared to other cereal grains; but it is deficient in methionine and cystine as compared with animal proteins [3] . In this connection, cowpea seed is valued as a nutri- 1230 Agricultural Sciences tional supplement to cereals and an extender of animal proteins [4] .
Application of plant growth regulators to enhance growth and yield components of plants were studied [5] [6] [7] . In this connection, exogenous application of gibberellic acid highly stimulated the growth of Pisum sativum [2] [8]. [9] reported that the foliar application of gibberellic acid at 50 and 75 ppm enhanced the photosynthetic activity of Gossypium arborium and consequently the total photosynthetic metabolites, total soluble sugars and protein contents. In addition foliar application of gibberellic acid at 50 or 100 ppm increased seed yield, pod yield and harvest index of Vicia faba plants [4] [10]. Farghali and Hussein (1994) [11] and Prajapati et al. (2015) [12] reported that presoaking of carrot roots in IAA at 100 ppm stimulated seed yield and harvest index. Furthermore, [13] 
Materials and Methods

Plant and Growth Conditions
Analysis of Yield and Yield Components
Pod length, number of pods, number of seeds and 100-seeds weight of each treatment of cowpea plants were determined.
Harvest index = Grain yield/Above ground dry matter × 100 (Beadle, 1993) .
Relative grain yield = Yield in treated plant/Yield in untreated × 100 (Beadle, 1993) [24] .
Estimation of Total Soluble Sugars and Total Soluble Protein in Yielded Seeds
Total soluble sugars (TSS) were determined after the extraction of dry seeds of each treatment in 10 ml of 80% (v/v) ethanol at room temperature with periodic shaking for 12 hours. TSS were determined using modifications of the method of Abdel-Fattah et al. (2002) [25] .
Total protein in extracted seed yield of each treatment was determined by the method of Bradford (1976) [26] . 100 mg of Coomassie Beillient blue G-250 was mixed with 50 ml of ethanol (95%) and 100 ml of phosphoric acid (85%), the combined volume was diluted to 1 liter and served as protein reagent. 50 µl of sample was mixed with 5 ml of protein reagent plus 1 ml of phosphate buffer (0.1 M, pH 7.2). The absorbance was recorded after 2 min. at 595 nm against the blank.
Determination of Endogenous Hormones
A high performance liquid chromatographic (HPLC) method was developed to determine the four endogenous hormones including indole-3-acetic acid (IAA), abscisic acid (ABA), gibberellic acid (GA 3 ), and kinetin in cowpea seeds. Methanol was chosen as the extraction solvent for the optimum conditions of separation. Then, the macerated extract was extracted by petroleum ether and ethyl acetate, and then purified with the Sep-Pak C18 column. The chromatographic conditions were as follows: Eclipse XDB-C18 reversed phase column (300 mm x 5.6 mm, 5 microm), the flow rate of 1 mL/min, the injection volume of 10 microL, and the detection wavelength of 240 nm were used for the separation of endogenous hormones. Methanol (A) and acetic acid aqueous solution (pH 3.6) (B) were used as the mobile phases with the linear gradient set as follows: 0 -7 min 20% A, 7 -10 min 20% A-28% A, 10 -17 min 28% A, 17 -19 min 28% A-40% A, 19 -35 min 40% A. Extraction and purification was performance according the method of Terry et al. (1982) [27] .
Statistical Analysis
All data were subjected to statistical analysis using one-way analysis of variance (ANOVA). Using Duncan's multiple range tests, means were separated by the least significant difference (LSD, P ≤ 0.05) method using the Costat software (Cohort, Berkeley, Calif).
Results
Yield and Yield Components
Comparing to control plants, cowpea seeds presoaking in different doses of IAA (50, 100 and 150 ppm) significantly increased length of pod, pods number, pod weight, number of seeds, 100-seeds weight, relative seed yield and harvest index of cowpea plants (Table 1) . Furthermore, the results indicated that the increase in the different yield components was more pronounced with the increase in concentration of IAA except for relative seed yield where no significant differences among the concentrations of IAA were observed.
Concerning the effect of GA 3 , the results reported in Table 2 showed that the application of GA 3 at 25, 50 and 75 ppm induced significant increase in all parameters of yield and yield components when comparing to the control untreated cowpea plants. On contrary, no significance differences were observed in most yield components between plants treated with 50 and 75 ppm of GA 3 .
Seed presoaked in kinetin at all concentrations (25, 50 and 75 ppm) significantly increased yield and yield parameters of cowpea plants by increasing pod length, number of pods, pod weight, 100-seeds weight and harvest index ( Table 3 ).
The increasing in the concentrations of kinetin, in general, increases the values of the different determined yield components of cowpea plants.
Based on the obtained results here, kinetin at the different used concentrations is the powerful growth regulator for improving the productivity of cowpea plants when compared with the other growth regulator treatments (IAA or GA 3 ). Thus, the higher values for the different yield components were observed in the plant treated with different concentrations of kinetin.
Total Soluble Sugars and Protein
As compared to control, treatment with growth regulators (IAA and kinetin) significantly increased total soluble sugars in the yielded seeds of cowpea plants (Table 4) . No significant differences in total soluble sugars were observed in yielded seeds of cowpea plants treated with different concentrations of GA 3 . The magnitude increase in total soluble sugars was more pronounced in response to the highest concentrations of each growth regulators used. See footnote in Table 1. yielded seeds of cowpea plants as compared to the control treatments (Table 4) .
Application of growth regulators increased the accumulation of protein in the
Kinetin induced a massive increased in the protein content when compared with other growth regulator hormones used in this study.
Endogenous Growth Regulators
Results of the changes in the endogenous auxins, cytokinins, gibberellins and abscisic acid contents in the yielded seeds of cowpea plants in response to application with IAA, GA 3 or kinetin were recorded in Table 5 
Discussion
Three growth regulators were used in this study for improvement of some S. M. Al-Amri See footnote in Table 1 .
physiological activities and productivity of cowpea plants. From the results, it was observed that seed presoaking in different concentrations of IAA, GA 3 or kinetin appeared to increase the different yield parameters (pod weight, pod length number of pods, number of seeds/pod, 100-seeds weight and relative growth yield) of cowpea plants when comparing with untreated control plants.
The increase in cowpea productivity is probably due to the increase in rate of transpiration, and translocation of photosynthates from leaves to developing seeds caused by hormone treatments [2] [7] . Furthermore, the enhancement of yield attributes in response to the growth regulators used in this study might be due to the stimulatory effect of these growth regulators on expansion of leaf area, pigment production and photosynthetic activity which in turn increased carbohydrates content in cowpea leaves and consequently increased in yield quality of cowpea plants [12] [19] [23] . In this connection, the results in this study showed that kinetin application had the most effective growth regulator for improving yield and yield components of cowpea plants as comparing to other growth regulators used. These findings are supported by the results of El-Saeid et al. (2010) [21] who reported that IAA increased growth parameters of cowpea plants. and enhanced the accumulation of dry matter within the developing seeds [7] [21], and this may be explained on the fact that kinetin enhances mobilization center thus directing the migration of substances and their accumulation into the developing seeds.
It is clear from the present study that application of IAA increased endogenous auxins and gibberellins activities in the cowpea seeds. Similar effects was observed by Prajapati et al. (2015) who found that foliar application of IAA induced the up-regulated expression of gibberellin biosynthesis gene and produced more about polysaccharides so that growth may continue for longer periods.
Furthermore, IAA initiates a signal transduction pathway resulting in production of secondary messengers that activate pre-existing H + -ATPases and stimulates the expression of several gens related to growth and development [7] [16] [17] . Seed presoaking in GA 3 at different concentrations caused a significant increases in the level of endogenous auxins, gibberellins and cytokinins, meantime.
A reduction in abscisic acid level was observed. These results are supported by El-Saeid et al. (2010) [21] who stated that GA 3 may induce proteolytic enzymes formation that could be expected to release tryptophan, a precursor of IAA.
Kinetin application resulted in a significant increase in auxins, gibberellins and cytokinins of cowpea seeds. Such increase might have resulted from induction of influx of certain metabolites particularly sugars into seeds [17] . This was followed by an increase in osmotic uptake of water and consequently the sharp rise of fresh weight of the seed which followed by an increase in extractable gibberellin activity of the seed. Moreover, a noticeable increase in cytokinin content of yielded seeds of cowpea plants as a result of kinetin treatment. These results might to due to increase in seed division and consequently a high amount of cytokinins in yielded seeds [19] [28]. 
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